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Abstract: While targeting waste reduction and maintaining the value of products and resources in
the system as much as possible, undertaking circular economy practices at the company level is a
way of achieving entrepreneurial sustainability. This paper explores entrepreneurial decision models
for adopting circular economy practices, focusing on European SMEs. Decision tree models are
applied on data from Flash Eurobarometer 441 in order to uncover business strategies in relation
to the implementation of circular economy practices at the company level and with the optimal
level and nature of investments in the circular economy for improving economic performances of
companies. The main findings of the article offer a better understanding of the relation between
characteristics of European SMEs and their decisions in the field of circular economy. Such results
are relevant from both macro and micro perspectives, as they can be used for customizing circular
economy programs and intervention strategies for various groups of SMEs, as well as for supporting
sustainable entrepreneurial decisions.
Keywords: sustainable business decisions; circular economy; decision tress
1. Introduction
The concept of “sustainability entrepreneurship” was developed practically to provide a
conceptual vehicle to the new vision on business and society [1]. By some authors, it is treated
as a new area found at the intersection of entrepreneurship and sustainable development [2,3], while
others treat it only as a strategic management approach [1].
Even it is easy and intuitive to be defined, the concept of “entrepreneurship” lacked a solid and
operational conceptual framework, becoming rather a broader label for a large diversity of issues
and approaches [4]. Some authors defining entrepreneurship refer only to small and new business
initiatives [4], while others are using entrepreneurship to “cover” the entire sector of SMEs [5], or even
the entire business sector plus the opportunities for and the process of entrepreneurial discovery [6].
One of the comprehensive definitions of entrepreneurship refers to it as “any kind of identification,
evaluation and exploitation of opportunities” [4].
In a rapidly changing global environment, the free-market economy affects nature, and nature’s
change affects the life of people and communities, and the lives of those socially and economically
disadvantaged most of all. Thus, sustainability entrepreneurship is promoted as a solution both to
environmental changes but also to negative social changes [7].
The sustainable entrepreneur is focused at the same time on his or her workforce, family,
community, society as whole, the future generation, and on profit [8]. Being sustainable implies
costs and evidence suggests that the decision to be a sustainable entrepreneur is not a frequent one
among SMEs. There are also studies pointing out that the decision to become sustainable overcomes
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the costs, being more linked with opportunity costs and sustainable strategy, and less with the financial
resources involved [8].
Masurel [9] describes the sustainable entrepreneur as one focused at the same time on people, the
planet, and profit [9]. An operational definition of sustainability entrepreneurship refers to a firm that
is developing any kind of environmentally friendly activities [10].
There is a large diversity of concepts that derived from sustainability entrepreneurship,
such as “environmental” entrepreneurship, “eco-preneurship”, “social entrepreneurship”, green
entrepreneurship and “circular” entrepreneurship, and “corporate social responsibility”, to number
only a few of them. They have been developed as a response to the need to make the contribution of
each field more visible under the more well-known concept of sustainability entrepreneurship [2,11].
The circular economy practices of the companies fall under the framework of entrepreneurial
sustainability as it contributes both to economic growth and environmental resilience. The circular
business model is based on the principle of material balance [12], with reference to the idea that
circulating matter and energy will diminish the need for new inputs [13]. In the recent period, the
circular economy has developed as a new sustainability paradigm [14] or a new economic model that
differs from the linear economy (“take-make-use-dispose”) [15]. A more circular economy is advocated
as an alternative to the linear model as this is no longer considered sustainable [15].
This paper analyzes decision models for undertaking circular economy practices at the company
level, focusing on European SMEs. Tree-based models are developed to explore business strategies
in relation to the implementation of circular economy practices at the company level. The results
of the article uncover key drivers for circular economy-related decisions and their influence on the
economic performances of the European SMEs. In relation to other studies, this paper makes a valuable
contribution to understanding the core factors that influence SMEs in undertaking circular economy
practices, as well as the related economic effects for specific segments of SMEs. The findings of the
study, mainly those referring to the benefits of sustainable behavior for business development, can be
relevant for the design of entrepreneurial education programs.
2. Key Drivers of the Decision in favor of Sustainability Entrepreneurship
Without a doubt, in order to reach the goals of sustainable development, businesses will need
to play a key role [1]. One of the most important difficulties in identifying the literature dedicated to
the factors facilitating the development of sustainability entrepreneurship comes from the “broad”
concepts of “entrepreneurship” and “sustainability entrepreneurship”, along with the newest concepts
mentioned above. Another difficulty comes from the variety of methods used to identify the
facilitating factors and obstacles, covering the entire range of quantitative and qualitative research
methodologies [16].
Most of the literature on sustainability entrepreneurship addresses large and industrial
companies, so SMEs are sometimes overlooked, even if the understanding of limiting and facilitating
factors for their business decisions could have a significant benefit for management theory and
practice [3,10,17–22]. In fact, there are authors that believe that SMEs are generally one step behind in
their implementation of environmental measures [9,23].
In most of the economies, SMEs represent the large majority of business entities, even if the
share of their contribution to the national product can vary a lot from country to country. So,
their determination to sustain and to make operational the objectives involved in moving towards
a sustainable economy can play an important role. Moreover, it is very important to understand which
are the most dedicated SMEs to sustainable measures, what their characteristics are, and the factors
that facilitate the transferability of this strategic orientation to the entire sector.
Several studies have aimed to address and understand the factors underlying the decision
of business entities for sustainability, with a specific focus on SMEs and on the context in which
they are operating [10,22,24]. Factors from the micro-level to the mezzo- and macro- levels were
included successively in analyses in order to explain the decision of SMEs in favor of sustainability
Sustainability 2017, 9, 1507 3 of 15
entrepreneurship. Some of the findings confirm previous studies, irrespective of their quantitative or
qualitative research methodology, while other factors’ influence on sustainability entrepreneurship
is still a matter of scientific debate. Moreover, there are studies addressing different fields connected
with different concepts, such as “eco”, “sustainable”, “environmental friendly”, and “green” that are
sometimes used interchangeably [23], even if some of them refer to different content [25]. Some of the
factors considered under these studies are also linked with sustainability entrepreneurship.
The main motivations that can be considered with respect to the reasons underlying the decision
of SMEs in favor of sustainability are: obeying the law, increasing profits, and making use of existing
opportunities in the market [9].
Legal context, as supposed from the beginning, as well as management’s values and belief system,
and ownership-management structures, play an important role in explaining the business decision in
favor of environmental-friendly policies [26]. Often the moral, ethical, economic, and legal causes are
combined in the root causes of sustainability entrepreneurship, the moral and ethical decision being
made both to avoid penalties but also to collect image-benefits among customers, stakeholders, and the
market. Moral and ethical factors coupled with economic development create, in fact, the premises for
the emergence of appropriate legal frameworks. On the other hand, the legal framework sustains the
development of new market niches that sustainability entrepreneurship could capitalize on [16,27,28].
There are also companies where management adopts environmentally friendly policies mainly
by beliefs, irrespective of the market reaction to the increasing costs [26] or if they perceive the
sustainability-friendly behavior as being “desirable” and “feasible” [23,29,30]. Also, there are findings
showing that preoccupation of SMEs with respect to improving working conditions and workers’
motivation leads to increasing investments in sustainability [9].
The attitudes of entrepreneurs with respect to environmental protection seem to be, in fact, under
a more general attitude, consisting in placing profit in a secondary role of importance, for the benefit of
employers, the community, and nature. This more general attitude can be created by specific historical,
socio-cultural, and economic contexts, which are also considered by some authors as key drivers
for sustainability entrepreneurship [26,31,32]. Others consider that sustainability entrepreneurship
can be developed only if it can adapt to different social and cultural contexts [7]. Sustainability
entrepreneurship is by definition linked with nature and people, so the social and economic context
is very relevant for the development of sustainability entrepreneurship. If values and attitudes to
protect nature and people can be subscribed to the social context, the economic development is
also very important. In developed countries, both the legal framework is well developed and the
financial resources are accessible, creating a stimulating context for the development of sustainability
entrepreneurship [7], while among developing economies the challenges for the sector development
can be high in terms of economic and social infrastructure, access to new technologies, or access to an
increasingly competitive market.
Similar findings are reinforced by studies addressing the role of attitudes and perceptions for
the sustainable-oriented decisions, even if the intentions and values explain the behavior of business
entities only to a certain extent [3,22,26,33]. On the other hand, the quantitative approaches found
evidence of the role of legal context, but they didn’t confirm the role of management’s values on
sustainability-oriented entrepreneurship [24]. Legal context is one of the factors that varies from
country to country, so even if some analyses do not refer directly to the legal context, the ‘country’
variable can be a proxy for it.
Firms exist in a particular legal context, in a particular cultural context, and in an industry
environment [27,28]. Industry-related factors such as firm size, sector, and ownership also play an
important role in explaining the decision for sustainability entrepreneurship [3,16,26]. The industry
context is very important, as some economic sectors can be more or less permeable to sustainability
entrepreneurship. For instance, some specific sectoral regulation can hinder the development of
sustainability entrepreneurship in activities such as “hotels and restaurants”, where hygienic rules
prevail [28]. Moreover, sectoral regulations vary from one country to another.
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The receptiveness of the industry depends on the size of the companies and the value created
by business. Larger firms, those operating in the so called “tangible products sector” (including
agriculture, manufacturing, and construction) and family-owned SMEs proved to be more open to
sustainability entrepreneurship [10].
Macro and micro approaches have shown that innovation is one of the most important facilitating
factors for sustainability. There is a circle between sustainability entrepreneurship and sustainability
innovation, each one contributing to the generation and development of the other one [2,27,34].
Business development is closely linked to the technological life cycle, with new technologies changing
rapidly. The eco-innovation level sustains the progress of a country with respect to sustainable
development; thus, countries with low levels of eco-innovation are also expected to fall behind
with respect to sustainable development [35]. For such countries, the legal framework coupled with
innovation and economic development can sustain a plan to move forward with respect to sustainable
development [36]. Innovation runs hand in hand with adopting new technologies, with some of the
authors treating it as a pre-requisite, others as a covariate. Even if SMEs are not the best performers in
terms of innovation, there is a significant financial support for innovation in SMEs at a European level
in order to increase their performance in sustainability. Thus, understanding the context and factors
facilitating sustainability entrepreneurship can be a very useful asset.
Most of the studies have presented analyses of existing SMEs/firms and factors contributing to
and sustaining their development, thus referring only to the “tangible” dimension of entrepreneurship.
The dimensions of identification and the evaluation of opportunities have been rarely addressed.
They are linked both to personal features of individuals/future entrepreneurs, as well as to the existing
market and economic opportunities. The scientific literature on the readiness of individuals for
entrepreneurship has evidenced that social factors such as gender, age, education, skills, family, and
community background, previous working experience or career expectations, psychological factors,
and immigration background could influence entrepreneurial behavior, and by a matter of consequence,
the behavior related to sustainability entrepreneurship [36–39]. Choongo et al. (2016) examine
the factors influencing the identification of opportunities in Zambia, finding that entrepreneurial
knowledge is not enough for a positive attitude towards environment, their recommendation
consisting in the necessity to increase awareness among existing and future entrepreneurs with
respect to the consequences of business activities on the environment [40]. The analyses reinforce
practically the research on the influence that social and cultural context has on entrepreneurship
development. And if the context is unstimulating, then there is a need to sustain the creation and
development of entrepreneurial responsibility towards people, communities, and society through
effective entrepreneurship education [41–43] and awareness raising.
A large spectrum of methods was employed in order to identify factors facilitating the
entrepreneurial decision in favor of sustainability. Among the methods employed by the studies
screened in the literature review, we mention qualitative approaches such as case studies [22,26,31,39]
and narratives [17,32], as well as quantitative ones such as cluster analysis [35] and factors analysis [10].
So, the methodology employed for this study is also a novelty in this field of research, complementing
the findings of existing qualitative and quantitative approaches.
3. Methodology
Although numerous classification methods have been developed (logistic regression, multivariate
discriminate regression, and neuronal network models), decision tree models have been advocated for
several advantages: they are able to identify patterns in data that display any probability distribution,
their output is easy to understand and interpret, and they are efficient in case of a large amount of
data [44]. This study applies the decision trees method in order to uncover relationships between
characteristics of European SMEs and their behavior in relation with circular economy. This procedure
develops tree-based classification models that group companies based on their characteristics with
respect of their likelihood to belong to one of the classes of the target variables [45]. The resulted
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groups of companies represent parent and child nodes of the trees. The analysis is applied to microdata
from the Flash Eurobarometer 441 covering the topic of circular economy at the level of SMEs from
28 Member States. 10,618 companies from manufacturing, industry, retail, and service sectors were
interviewed in April 2016 [46].
Almost three quarters of SMEs have undertaken some activities related to circular economy in
the last three years. Most of them targeted waste reduction by recycling, reusing, or selling it to other
companies (55%), and the reduction of energy consumption by re-planning its usage (38%). 34% of the
SMEs have redesigned their products and services in order to reduce the use of materials or to use
recycled materials, while 19% have aimed to minimize the usage of water by re-planning how water is
used. 16% of the companies have adopted practices related to the use of renewable energy [46].
In order to explore which were the key drivers for the decision of European SMEs to adopt
circular economy practices, a first decision tree model was constructed having as a dependent variable
whether the companies have undertaken any activity related to circular economy in the last three years.
The country of origin, sector of activity, size of the company (by the number of the full-time equivalent
employees), and total turnover have been considered as independent variables in this model. All the
predictors have been found to be statistically significant with respect to the decision of the companies
to adopt circular economy-related activities, except the size of the company. The model was limited
to a maximum of three levels in depth, while the minimum number of companies per node has been
established at 100 for parent nodes and 30 for child nodes (Table 1).
Table 1. Design of the tree-based models.
Dependent Variable (Categories) Independent Variables
Tree-based Model 1
Whether the companies have undertaken
circular economy-related activities in the
last three years (undertook some circular
economy related activity; did not undertake
circular economy related activity)
- Country
- Sector of activity
- Size of the company
- Total turnover in 2015
Tree-based Model 2
Evolution of the company’s turnover since
the beginning of the 2015 (the turnover has
increased; the turnover has remained the
same or decreased)
- Country
- Sector of activity
- Size of the company
- % of the company’s turnover that has been
invested in research and development
- % of the company’s turnover that has been
invested in circular economy related activities
in the last three years
Tree-based Model 3
Evolution of the company’s turnover since
the beginning of the 2015 (the turnover has
increased; the turnover has remained the
same or decreased)
- Country
- Sector of activity
- Size of the company
- Re-plan of the way water is used to minimize
usage and maximize re-usage
- Use of renewable energy
- Re-plan energy usage to
minimize consumption
- Minimize waste by recycling and reusing waste
or selling it to another company
- Redesign products and services to minimize
the use of materials or use recycled materials
Two other tree-based models have been developed in order to understand how the level and nature
of investments in circular economy practices interact with various characteristics of the companies and
influence the economic performances of the SMEs. Thus, both models have as a dependent variable
the evolution of the company’s turnover since the beginning of the 2015, with two categories: (1) the
turnover has increased; and (2) the turnover has remained the same or decreased. One model has
used as predictors variables such as country, sector of activity, size of the company, percentage of the
company’s turnover that has been invested in research, and the development and percentage of the
company’s turnover that has been invested in circular economy-related activities in the last three years.
All predictors were statistically significant in relation to the independent variable, and the established
Sustainability 2017, 9, 1507 6 of 15
depth of the tree was of a maximum of four levels, while the maximum number of companies per
node has been limited to 100 for parent nodes and 30 for child nodes.
The third model targeting the evolution of the company’s turnover since the beginning of 2015
included among the independent variables various types of circular economy activities that have or
have not been implemented by the companies in the last three years: (1) re-planning of the way water
is used to minimize usage and maximize re-usage; (2) use of renewable energy; (3) re-planning energy
usage to minimize consumption; (4) minimizing waste by recycling and reusing waste or selling it
to another company; and (5) redesigning products and services to minimize the use of materials or
use recycled materials. Also, country, the sector of activity, and the size of the company have been
included as independent variables in the model. All the predictors were found to be significant, except
the sector of activity. The tree has been defined in the same way as the previous one. The maximum
tree depth was of four levels and the maximum number of SMEs per node was 100 in the case of parent
nodes and 30 for child nodes.
The decision tree models have been developed in SPSS 23. For all the three tree-based classification
models, the Chi-squared Automatic Interaction Detection (CHAID) growing method has been used.
At each step of the growing tree, the algorithm chooses the predictor variable that has the strongest
interaction with the target variable. Categories of predictors are merged in the case that they do not
differ significantly with respect to the dependent variable. Significance level for splitting nodes and
merging categories in the models has been considered to be 0.05. In order to produce the simplest
tress that describe the models, the specifications didn’t allow re-splitting of merged categories within a
node. Considering the sample size, the Pearson method has been used for determining node splitting
and category merging. Multiple comparisons for merging and splitting categories of the predictors
were based on the Bonferroni method. The maximum number of interactions for constructing the
models has been established as 100.
4. Results
4.1. Key Drivers for Adopting Circular Economy Practices among SMEs
The first tree-based model was constructed for understanding which characteristics of the
European SMEs act as main drivers for the decision of adopting circular economy practices at company
level, and how they do this (Figure 1). The resulting model comprises 43 nodes, out of which 30 are
final nodes. The overall percentage of the correct classification of the SMEs is 74%. The strongest
predictor of whether companies have adopted or not circular economy practices is the country where
companies are located as it is the first most important variable that the tree indicates.
For SMEs from Belgium, Spain, and the United Kingdom, the next most important predictor of
whether they have implemented any circular economy activities is the sector of activity. The results
show that 88% of companies from this group of countries that activate in manufacturing and retail
undertook some circular economy-related activity in the last three years. For the SMEs from the rest
of the sectors, total turnover of the company is relevant to predicting their behavior in relation to
circular economy. Thus, SMEs with lower levels of the turnover display lower propensity to circular
economy, while 98% of the companies having a total turnover of more than 10 million euros undertook
such activities.
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Companies with the lowest and highest turnover display very different behavior when adopting
circular economy practices. 61% of companies that have a turnover below 25,000 euros have undertaken
circular economy activities, as compared to 92% of companies registering a turnover above 10 million
euros. For companies that have a total turnover of between 25,000 and 250,000 euros, the country in
which they are located represents a new predictor of circular economy-related decisions. Those located
in Greece, The Netherlands, and the Czech Republic undertook some circular economy-related
practices in the proportion of 73%, and those in France in 83%, while SMEs from Sweden display the
lowest propensity to circular economy with a proportion of 62%. In the case of SMEs from Greece,
France, The Netherlands, Sweden, and the Czech Republic, registering a total turnover of between
250,000 and 500,000 euros, the sector of activity predicts the propensity to circular economy. Companies
from manufacturing and retail are more active in this field than the others.
Another distinct group of SMEs are those located in Ireland, Austria, Portugal, and Germany.
Among them, companies with a total turnover lower than 25,000 euros show the lowest interest for
circular economy practices. The decision to adopt circular economy practices at the level of SMEs from
this group of countries that register a total turnover of between 25,000 and 2 million euros is influenced
also by their sector of activity. SMEs activating in the industry, manufacturing, and retail sectors show
a higher propensity for circular economy than other companies. On the other hand, all companies with
a total turnover of more than 500,000 euros that activate in the manufacturing and industry sectors
have undertaken some circular economy practices.
SMEs from Italy display a very heterogeneous behavior in adopting circular economy practices.
In their case, the sector of activity is the next strongest predictor for the explained variable. Thus, SMES
from Italy that activate in the manufacturing sector are the most active in the field of circular economy.
For companies from the other sectors, the level of the company’s turnover influences the propensity
to circular economy. Three quarters of the Italian SMEs from retail that have a turnover of between
50,000 and 250,000 undertook some circular economy activities in the last three years. The other
Italian retail companies display less interest in circular economy. Notably, more than half of those
registering a turnover higher than 250,000 euros did not undertake circular economy-related activities.
The openness of Italian SMEs from services and industry to circular economy is also influenced by
their total turnover. Companies with lower levels of turnover are less interested in circular economy
than those with a higher turnover.
Finally, SMEs from Bulgaria, Hungary, Poland, Romania, and Slovakia present the lowest share
of those that have undertaken some activities of circular economy (60%). No further predictors for
the circular economy-related decisions have been found to be significant by the model for this node
of SMEs.
4.2. Influence of Circular Economy-Related Decisions on Economic Performances of SMEs
Overall, 41% of European SMEs have declared that the company’s turnover has increased since
the beginning of 2015. The economic performances of the companies are influenced by complex macro-,
mezzo-, and micro-level factors such as the economic cycle, the features of the institutional framework,
the characteristics of the market, the available skill and resource supply, the participation of economic
networks, and the company’s strategy and investments, etc.
Figure 2 presents a second tree-based model that aims to highlight how investing in circular
economy activities interacts with other characteristics of the companies and influences their economic
performance. The resulted tree presents 55 nodes, out of which 34 are terminal. The percent of correct
classification is 63%, which is not low considering that there are many unobserved variables in the
available data set that influence the economic performances of the European SMEs.
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that predicts economic performance. 63% of SMEs from this group of countries that have invested
more than 10% of their annual turnover in research and development activities declare that their total
turnover has increased since the beginning of 2015. Companies from Spain and Ireland that invest
5% to 14.9% of the total turnover register an improved economic performance in a significantly lower
percentage (37%). On the other hand, the economic performances of SMEs with similar investments in
R&D from Belgium, France, The Netherlands, Austria, Sweden, and Romania vary in relation to their
sector of activity. SMEs from industry display a much higher share of those with increased turnover as
compared with the other sectors. For SMEs from Belgium, Spain, France, Ireland, The Netherlands,
Austria, Sweden, and Romania that invest less than 5% of the turnover in R&D activities, additional
investments in circular economy influence their economic performances. Thus, for this category of
SMEs, the most positive economic performances are registered by companies investing in circular
economy. For those with no investments in circular economy, the sector further influences their
economic performances, with SMEs from manufacturing presenting poorer performances as compared
with the other sectors.
At the same time, for SMEs from Greece, Portugal, Bulgaria, and Czech Republic, investments
in R&D and the sector of activity act as key drivers for their economic performances. Best economic
results are obtained by SMEs investing more than 10% of the turnover in R&D, irrespective of their
sector of activity, while the poorest performances are registered by SMEs from Czech Republic that
invest less than 5% and activate in manufacturing.
Also, for the population of SMEs located in Italy and Poland, the size class, sector of activity, and
investments in R&D predict the evolution of the total turnover.
For SMEs from Germany, the next most important independent variable is the level of investments
in circular economy activities. Thus, 68% of the companies that have chosen to invest their resources in
circular economy practices register an increased turnover which is higher as compared with the other SMEs.
For SMEs from the United Kingdom, Hungary, and Slovakia, the most important factor influencing
their economic performances is the level of investment in R&D. The most positive results are obtained
by companies investing 5% to 9.9% of total turnover in R&D. For SMEs investing more than 10% in
R&D, the amount of additional investments in circular economy further influences their economic
performance. Those investing 10% or less of the total turnover in circular economy register much
better economic performances as compared with those that invest more than 10% or those that do not
invest at all. For SMEs from the United Kingdom, Hungary, and Slovakia that invest 5% or less of
total turnover in R&D and activate in manufacturing, services, and industry, additional investments in
circular economy influence their economic performance in a positive manner.
Figure 3 presents the third tree-based model that analyzes which types of circular economy
activities undertaken by European SMEs interact with other characteristics of the companies and
influence their economic performances. The constructed model comprises 46 nodes, out of which 25
are terminal ones. The percentage of correct classification is 62%.
The model shows that the country of the SMEs is the main predictor of their economic results.
The resulting nodes of the SMEs based by the country variable are similar to those in the previous
model. For SMEs from Belgium, Spain, France, Ireland, The Netherlands, Austria, Sweden, and
Romania, the use of renewable energy influences their economic performances in a positive manner.
For SMEs that didn’t undertake the use of renewable energy, redesigning products and services to
minimize the use of materials or the use of recycled materials results in better economic results,
especially in sectors such as manufacturing, retail, and industry. For SMEs that undertook some
activities related to the use of renewable energy, the activities of redesigning products and services
to minimize the use of materials or the use of recycled materials are not associated with improved
economic results. So, for SMEs from Belgium, Spain, France, Ireland, The Netherlands, Austria,
Sweden, and Romania, improved economic results are obtained by those undertaking the use of
renewable energy (54%). The improved economic performances are even wider spread among SMEs
from France that use renewable energy in their current activity (89%). Also, increased turnover is
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registered by SMEs from this group of countries that redesign products and services to minimize the
use of materials or the use of recycled materials (49%), especially in the case of the manufacturing,
retail, and industry sectors (54%).
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For SMEs from Greece, Portugal, Bulgaria, and Czech Republic, undertaking activities related to
circular economy do not interact with other characteristics of the companies in order to influence their
economic performances.
In the case of SMEs from Italy and Poland, undertaking activities to minimize waste by recycling
or reusing waste or selling it to another company improves the economic results of the companies.
The most wide-spread improvement is for SMEs activating in manufacturing and services from Italy.
SMEs from Italy and Poland that didn’t undertake actions for minimizing waste by recycling or reusing
waste or selling it to another company, but re-planned the way water was used to minimize usage and
maximize re-usage in the last three years, obtained poorer economic results as compared with those
that didn’t undertake circular economy activities.
In the case of SMEs from Germany, minimizing waste by recycling, reusing waste, or selling it
to another company influences the economic results in a positive manner. This effect is more present
among German SMEs from services and industry sectors that have nine employees or less.
For SMEs located in the United Kingdom, Hungary, and Slovakia, re-planning the way water is
used to minimize usage and maximize re-usage is associated with the improved economic performance
of the company. In the case of companies that didn’t undertake such measures, the use of renewable
energy results in a higher chance of obtaining an increased turnover. Moreover, at the level of SMEs
from the United Kingdom, Hungary, and Slovakia, those that re-plan the way water is used to minimize
usage and maximize re-usage, and redesign products and services to minimize the use of materials or
use recycled materials, display the best economic results.
5. Discussion and Conclusions
The method of analysis used in this paper makes an important contribution to understanding
the entrepreneurial decisions with respect to adopting sustainability-oriented behavior. Applying
tree-based models to the population of European SMEs shows that the country in which they operate
represents the most important factor that influences the decision of companies to adopt circular
economy practices. It means that economic development, national programs, funding mechanisms, the
institutional framework, and incentives are still very heterogeneous across countries and this situation
influences the participation of SMEs with regard to circular economy to a significant extent.
Countries such as Bulgaria, Hungary, Poland, Romania, and Slovakia do not offer a framework
as stimulating as the other countries in order for the SMEs to adopt circular economy practices.
One important finding of this paper is that the participation of SMEs from Bulgaria, Hungary, Poland,
Romania, and Slovakia with regard to circular economy is the weakest in Europe, and that it presents
no important variation in relation to the sector of activity, size, or turnover of the company.
On the other hand, even within countries that offer more favorable conditions for stimulating
SMEs to adopt circular economy practices, their behavior varies significantly across sectors and
in relation to the company’s turnover. There are segments of SME population where circular
economy-related behavior remains week, as well as segments in which the high majority or even all the
companies are active in the field of circular economy. Such results are relevant both for companies that need
to decide whether to adopt or not circular economy practices and for national and European authorities
that aim to design or improve programs and initiatives targeting the development of circular economy.
Another valuable result of this paper is the fact that it shows how entrepreneurial decisions in the
field of circular economy interact with other factors and influence the economic performances of the
SMEs. As expected, structural factors enclosed in the country variable have the highest influence on the
economic performances of the SMEs. Along with the national context and sector of activity, investment
decisions in research and development and in circular economy also influence the economic results
of the European SMEs. Our results show how the level of investment in circular economy influences
companies’ economic performances for specific categories of SMEs. Moreover, this paper highlights
the fact that the companies’ investments in circular economy complement investments in research and
development and impact the economic results of the SMEs for some segments of SMEs.
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Additionally, this paper shows what activities of circular economy are to be undertaken by SMEs
with various characteristics in order for their economic performances to be improved. Out of five
potential types of circular economy activities to be implemented by European SMEs, only re-planning
the energy usage to minimize consumption does not influence the economic performances of the
companies. On the other hand, the use of renewable energy, as well as the re-planning of water usage,
the minimization of waste, and the minimization of the use of materials represent decisions that are
both favorable for the environment and produce improved economic performances in the case of the
specific categories of SMEs.
Our results are in line with previous studies, confirming the influence of the national context,
as well as of the sector-related factors and size of the companies with regard to sustainable business
decisions [3,7,16,26]. Additionally, the findings of the present study show how these factors interact
and influence the transition from a linear economic model to circular economy practices. At the same
time, by linking specific circular economy decisions to well identified segments of SMEs, this paper
offers additional indications of the potential environmental benefits in relation to material flows and
resource use.
By linking circular economy emergence to the national and sectoral contexts, our results support
the view of the European Commission that has proposed a framework for action and called for an
integrate approach across various policy areas and levels. The need for moving from a linear economic
model to more circular economic solutions has to be further fueled by increased efforts for designing
and innovating for circular economy and by increased investments in this field. As businesses remain
one of the key actors in this transition, their needs, in particular the ones of SMEs, have to be better
addressed by programs supporting relevant investments, infrastructure, technology, and skills [48].
Moreover, as suggested by our results, the persisting high heterogeneity across the Member States
with respect to circular economy development needs to be in the center of the future European policy
framework in this field.
The limitation of this study is related to the fact that the analysis includes mostly mezzo-level data.
For improving the explanatory power of our analysis, our future research will test a multi-level
approach, allowing for the economic performances of the companies to be better explained by
additional macro- (variation of economic development, % of high tech sectors, etc.) and micro-level
factors (such as entrepreneur’s age, gender, education, etc.). Such further developments will allow for
the identification of the main challenges hindering the emergence of circular economy, as well as the
assessment of the potential for job growth, innovative business models, and organization change.
Acknowledgments: Part of this work was supported by the NUCLEU Program funded by the Romanian Ministry
of Research and Innovation (Contract 17N/2016).
Author Contributions: All authors have participated to the article by making substantial, direct, intellectual
contributions to this research.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Schmidpeter, R.; Weidinger, C. Linking Business and Society: An Overview. In Sustainability Entrepreneurship.
Business Success though Sustainability; Weidinger, C., Fischler, F., Schmidpeter, R., Eds.; Springer: Berlin,
Germany, 2014; pp. 1–10. ISBN 978-3-642-38752-4/978-3-642-38753-1 (eBook).
2. Schaltegger, S.; Wagner, M. Sustainability entrepreneurship and sustainability innovation. Categories and
interactions. Bus. Strategy Environ. 2011, 20, 222–237. [CrossRef]
3. Lawal, F.A.; Worlu, R.E.; Ayoade, O.E. Critical Success factors for Sustainability entrepreneurship in SMEs:
Nigerian Perspective. MJSS J. 2016, 7, 338–346. [CrossRef]
4. Shane, S.; Venkataraman, S. The promise of entrepreneurship as a field of research. Acad. Manag. Rev. 2000,
25, 217–226. [CrossRef]
5. Esuh, O.L.; Adebavo, I.O. Is small and medium enterprise (SME) an entrepreneur? Int. J. Acad. Res. Bus.
Soc. Sci. 2012, 2, 487–496.
Sustainability 2017, 9, 1507 14 of 15
6. Venkataraman, S. The distinctive domain of entrepreneurship research: An editor’s perspective. In Advances
in Entrepreneurship, Firm Emergence, and Growth; Katz, J., Ed.; Emerald Group Publishing Limited: Bingley,
UK, 1997; Volume 3, pp. 119–138. ISBN 0-7623-0003-5.
7. O’Neill, G.D.; Hershauer, J.C.; Golder, J.S. The cultural context of sustainability entrepreneurship.
Greener Manag. Inst. 2006, 55, 33–46. [CrossRef]
8. Crals, E.; Vereeck, L. SME’s and sustainability entrepreneurship: Theory and practice. In Environmental Justice
and Global Citizenship; Phillips, C., Ed.; Inter-disciplinary Press: Oxford, UK, 2004; pp. 37–46. ISBN 1-904710-13-1.
9. Masurel, E. Why SMEs invest in environmental measures: Sustainability evidence from small and medium—Sized
printing firms. Bus. Strategy Environ. 2007, 16, 190–201. [CrossRef]
10. Berent-Braun, M.M.; Uhlaner, L.M.; Jeurissen, R.J.M.; de Wit, G. Family ownership, innovation and other
context variables as determinants of sustainability entrepreneurship in SMEs: An empirical research study.
SCALES Sci. Anal. Entrep. SMEs. 2010. Available online: http://citeseerx.ist.psu.edu/viewdoc/download?
doi=10.1.1.471.1649&rep=rep1&type=pdf (accessed on 13 July 2017).
11. Parrish, B.D.; Tilley, F. Sustainability Entrepreneurship: Charting a Field in Emergence. In Making Ecopreneurs.
Developing Sustainable Entrepreneruship; Schaper, M., Ed.; MPG Book Group: Bodmin, UK, 2010; pp. 7–20.
ISBN 978-0-566-08875-9(hbk)/978-1-4094-0123-0 (ebk).
12. Kneese, A.V.; Ayres, R.V.; D’Arge, R.C. Economics and the Environment: A Materials Balance Approach; Resources
for the Future Inc.: Washington, DC, USA, 1970; ISBN 0-8018-1215-1.
13. Andersen, M.S. An Introductory Note on the Environmental Economics of the Circular Economy. Sustain. Sci.
2007, 2, 133–140. [CrossRef]
14. Geissdoerfer, M.; Savaget, P.; Bocken, N.M.P.; Hultink, E.J. The Circular Economy—A New Sustainability
Paradigm. J. Clean. Prod. 2017, 143, 757–768. [CrossRef]
15. Andrews, D. The Circular Economy, Design Thinking and Education for Sustainability. Local Econ. 2015, 30,
305–315. [CrossRef]
16. Schaper, M. Understanding the Green Entrepreneur. In Making Ecopreneurs. Developing Sustainable
Entrepreneruship; Schaper, M., Ed.; MPG Book Group: Bodmin, UK, 2010; pp. 7–20. ISBN 978-0-566-08875-9(hbk)/
978-1-4094-0123-0 (ebk).
17. Fuller, T.; Tian, Y. Social and Symbolic Capital and Responsible Entrepreneurship: An Empirical Investigation
of SME Narratives. J. Bus. Ethics 2006, 67, 287–304. [CrossRef]
18. Jenkins, H. Small Business Champions for Corporate Social Responsibility. J. Bus. Ethics 2006, 67, 241–256.
[CrossRef]
19. Perrini, F.; Russo, A.; Tencati, A. CSR Strategies of SMEs and Large Firms. Evidence from Italy. J. Bus. Ethics
2007, 74, 285–300. [CrossRef]
20. Spence, L.J.; Schmidpeter, R. SMEs, Social Capital and the Common Good. J. Bus. Ethics 2003, 45, 93–108. [CrossRef]
21. Williamson, D.; Lynch-Wood, G.; Ramsay, J. Drivers of Environmental behavior in Manufacturing SMEs and
the Implications for CSR. J. Bus. Ethics 2006, 67, 317–330. [CrossRef]
22. Jamali, D.; Zanhour, M.; Keshishian, T. Peculiar strengths and relational attributes of SMEs in the context of
CSR. J. Bus. Ethics 2009, 87, 355–377. [CrossRef]
23. Koe, W.; Omar, R.; Majid, I.A. Factors Associated with Propensity for Sustainability entrepreneurship.
Procedia Soc. Behav. Sci. 2014, 130, 65–74. [CrossRef]
24. Gadenne, D.L.; Kennedy, J.; McKeiver, C. An empirical study of environmental awareness and practices in
SMEs. J. Bus. Ethics 2009, 84, 45–63. [CrossRef]
25. Albort-Morant, G.; Henseler, J.; Leal-Millan, A.; Cepeda-Carrion, G. Mapping the Field: A Bibliometric
Analysis of Green Innovation. Sustainability 2017, 9, 1011. [CrossRef]
26. Cambra-Fierro, J.; Hart, S.; Polo-Redondo, Y. Environmental Respect: Ethics or Simply Business? A study in
the Small and medium Enterprise (SME) Context. J. Bus. Ethics 2008, 82, 645–656. [CrossRef]
27. Wüstenhagen, R.; Sharma, S.; Starik, M.; Wuebker, R. Sustainability, innovation and entrepreneurship:
Introduction to the volume. In Sustainable Innovation and Entrepreneurship. New Perspectives in Research
on Corporate Sustainability; Wüstenhagen, R., Hamschmidt, J., Sharma, S., Starik, M., Eds.; Edward Elgar
Publishing: Cheltenham, UK; Northampton, MA, USA, 2008; pp. 1–23. ISBN 978-1-84720-037-2.
28. Technopolis Group; Fraunhofer ISI; Thinkstep; Wuppertal Institute. Regulatory Barriers for the Circular
Economy. Lessons from Ten Cases. Available online: http://ec.europa.eu/growth/tools-databases/
newsroom/cf/itemdetail.cfm?item_id=8986&lang=en (accessed on 13 July 2017).
Sustainability 2017, 9, 1507 15 of 15
29. Shapero, A.; Sokol, L. The Social Dimensions of Entrepreneurship. In Encyclopedia of Entrepreneurship;
Kent, C.A., Sexton, D.L., Vesper, K.H., Eds.; Prentice-Hall: Englewood Cliffs, NJ, USA, 1982; pp. 72–90.
30. Liñán, F.; Rodríguez-Cohard, J.C.; Rueda-Cantuche, J.M. Factors affecting Entrepreneurial Intention
Levels. In Proceedings of the 45th Congress of the European Regional Science Association, Amsterdam,
The Netherlands, 23–27 August 2005. Available online: http://www-sre.wu.ac.at/ersa/ersaconfs/ersa05/
papers/432.pdf (accessed on 13 July 2017).
31. Suddaby, R.; Bruton, G.D.; Si, S.X. Entrepreneurship through a qualitative lens: Insights on the construction
and/or discovery of entrepreneurial opportunity. J. Bus. Ventur. 2015, 30, 1–10. [CrossRef]
32. Santiago, A. On the road to sustainability entrepreneurship: Filipino case. World J. Entrep. Manag. Sustain. Dev.
2013, 9, 255–271. [CrossRef]
33. Koe, W.; Omar, R.; Sa’ari, J.R. Factors influencing propensity to sustainability entrepreneurship of SMEs in
Malayesia. Procedia Soc. Behav. Sci. 2015, 172, 570–577. [CrossRef]
34. Ribeiro Soriano, D.; Huarng, K.H. Innovation and entrepreneurship in knowledge industries. J. Bus. Res.
2012, 66, 1964–1969. [CrossRef]
35. Davidescu, A.A.; Vass Paul, A.M.; Gogonea, R.M.; Zaharia, M. Evaluating Romanian Eco-Innovation
Performances in European Context. Sustainability 2015, 7, 12723–12757. [CrossRef]
36. Mas-Tur, A.; Ribeiro Soriano, D. The level of innovation among young innovative companies: The impacts
of knowledge-intensive services use, firm characteristics and the entrepreneur attributes. Serv. Bus. 2014, 8,
51–63. [CrossRef]
37. Coduras, A.; Saiz-Alvarez, J.M.; Ruiz, J. Measuring readiness for entrepreneurship: An information tool
proposal. J. Innov. Knowl. 2016, 1, 99–108. [CrossRef]
38. Huarng, K.H.; Mas-Tur, A.; Yu, T.H.K. Factors affecting the success of women entrepreneurs. Int. Entrep.
Manag. J. 2012, 8, 487–497. [CrossRef]
39. Akehurst, G.; Simarro, E.; Mas-Tur, A. Women entrepreneurship in small service firms: Motivations, barriers
and performance. Serv. Ind. J. 2012, 32, 2489–2505. [CrossRef]
40. Choongo, P.; van Burg, E.; Paas, L.J.; Masurel, E. Factors Influencing the Identification of Sustainable
Opportunities buy SMEs: Empirical Evidence from Zambia. Sustainability 2016, 8, 81. [CrossRef]
41. Sanz, R.; Peris, J.A.; Escamez, J. Higher education in the fight against poverty from capabilities approach:
The case of Spain. J. Innov. Knowl. 2017, 2, 53–66. [CrossRef]
42. Welsh, D.H.B.; Tullar, W.L. A Model of Cross Campus Entrepreneurship and Assessment. Entrep. Res. J.
2014, 4, 95–115. [CrossRef]
43. Welsh, D.H.B.; Tullar, W.L.; Nemati, H. Entrepreneurship education: Process, method, or both? J. Innov. Knowl.
2016, 1, 125–132. [CrossRef]
44. Popescu, M.E.; Andreica, M.; Micu, D. A Method to improve Economic Performance Evaluation using
Classification Tree Models. EJBSS 2014, 3, 249–256.
45. IBM. IBM SPSS Decision Trees 23. Available online: ftp://public.dhe.ibm.com/software/analytics/spss/
documentation/statistics/23.0/en/client/Manuals/IBM_SPSS_Decision_Trees.pdf (accessed on 20 June 2017).
46. European Commission. European SMEs and the Circular Economy. 2016. Available online: http://ec.europa.
eu/environment/green-growth/docs/fl_441_sum_en.pdf (accessed on 13 July 2017).
47. European Commission. Brussels DG Communication COMM A1 ‘Strategy, Corporate Communication Actions
and Eurobarometer’; Unit Flash Eurobarometer 441 (European SMEs and the Circular Economy), ZA6779 Data
File Version 1.0.0; GESIS Data Archive: Cologne, Germany, 2016. [CrossRef]
48. European Commission. ‘Towards a Circular Economy: A Zero Waste Programme for Europe’
Communication from the Commission to the European Parliament, the Council, the European Economic
and Social Committee and the Committee of the Regions, COM/2014/0398 Final, 2014. Available online:
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52014DC0398 (accessed on 18 August 2017).
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
